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PIANT FATTY ACID SYNTHASES 

This application is a continuation-in-part of USSN 
5 07/971,182 filed on November 2, 1992. 

♦ 

Field of Invention 

The present invention is directed to synthase enzymes 
releveait to fatty acid synthesis, amino acid and nucleic 
10 acid sequences related thereto, and methods of using such 
con^ositions in plants. 

Introdnetion 

15 Plant oils are used in a variety of industrial and 

edible uses. Novel vegetable oils compositions and/or 
improved meems to obtain oils compositions, from 
biosynthetic or natural plant sources, are needed. 
Depending upon the intended oil use, various different 

20 fatty acid compositions are desired. 

For example, in some instances having an oilseed with 
a higher ratio of oil to seed meal would be useful to 
obtain a desired oil at lower cost. This would be typical 
of a high value oil product. In some instances, having an 

25 oilseed with a lower ratio of oil to seed meal would be 
useful to lower caloric content. In other uses, edible 
plant oils with a higher percentage of \znsaturated fatty 
acids are desired for cardio-vascular health reasons. And 
alternatively, tenqperate substitutes for high saturate 

30 tropical oils such as palm and coconut, would also find 
uses in a variety of industrial and food applications. 

One means postulated to obtain such oils and/or 
modified fatty acid compositions is through the genetic 
engineering of plants. HoWever, in order to genetically 

35 engineer plants one must have in place the means to 

transfer genetic material to the plant in a stable and 
heritable manner. Additionally, one must have nucleic acid 
sequences capable of producing the desired phenotypic 
result, regulatory regions capable of directing the correct 
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plication ot .u=h .«ue„cls, ana the U.e. 
.h»uia be appreciated that in order to P-^^f""'/^;^;" 
ph«.otype re^ire= that the Patty Acid f ^ 
^thway of the plant is modified to the extent that the 
5 ratios of reactants are modulated or changed. 
' Higher plants appear to synthesize fatty -^^^ - 

co»,on metaholic pathway. In developing seeds ^'J'^» 
acids attached to triglycerides are stored a. a source of 
^ for further germination, the F« pathway .s located 
7Z proplastids. The first step is the fo^t^n o 
a=etyl-.C. ..cyl carrier ^^^^^^^^^ • 

:t::ron':fTcerirc. 7t Zu- carhon fatty acids 
i^oLs the cyclical action of the following se^-e of 
reactions: condensation with a two-carbon unxt £r«. 
malonyl-«P to form a <5-tetoa=yl-»CP <''-''"»''l-*=!_ 
synthase,, reduction of the „eto-£un=tion to an aj^cohol (. 
ketoacyl-ACP reductase), dehydration to form an enoyl ACP 
T^^l^l-^^ dehydrase,. and finally reduction of ^e 
^c^-«:rto form the elongated saturated a=yl-» j-''^- 
;^P reductase,. .-Hetoacyl-ACP synthase I, ""^""^ 
elongation up to palmitoyl-ACP .016:0,, whereas B k.t»«l 
«P synthase II catalyzes the final elongation to st^yl 
«P ,^8:0,. common plant unaaturated fatty acx^.^ch as 
oleic, linoleic and a-linolenic acids found in storage 
triglycerides, originate fr«. the desaturation °^ 
«P to form oleoyl-ACP (CW:!, in a reaction catalyzed ^ 
^luble Plastid A-9 desaturase (also often referred to as 
"t^l-ACP desaturase-,. Molecular oxygen .s retired 
desaturation in which reduced ^'"'^'^".'^'^J^J^ 
electron co-donor, Additional desaturatzon " 
se,^entially by the actions of membrane bound 
deraturase and A-15 desaturase. These ^= 

create mono- or polyunsaturated fatty acids ^^^^^^^^^ 
A third B-ketoacyl-ACP «™tha» ha. b«» reported zn 

' s. oleracea leaves having activity specific toward very 
short acyl-ACPs. «.i. acetoacyl-ACP ^^-^"^'^ "^ .^^ 
^ .~.™l.ACP- KWthase III has a preference to acetyl COA 
ketoacyl-ACP syntna .J , Plant Phys. (1989) 

over acetyl-ACP, Jaworsltz, J.G., et al., 
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50:41-44. It has been postulated that this enzyme may be 
an alternate pathway to begin FAS, instead of ATA. 

Obtaining nucleic acid sequences capable of producing 
a phenotypic result in FAS, desaturation and/ or 
5 incorporation of fatty acids into a glycerol backbone to 
produce an oil is sxabject to various obstacles including 
but not limited to the identification of metabolic factors 
of interest, choice and characterization of a protein 
source with useful kinetic properties, purification of the 

10 protein of interest to a level which will allow for its 
amino acid sequencing, utilizing amino acid sequence data 
to obtain a nucleic acid sequence capable of use as a probe 
to retrieve the desired DNA sequence, and the preparation 
of constructs, transformation and analysis of the resulting 

15 plants - 

Thus, the identification of enzyme targets emd useful 
plant sources for nucleic acid sequences of such enzyme 
targets capable of modifying fatty acid conqpositions are 
needed. Ideally an enzyme target will be amenable to one 

20 or more applications alone or in combination with other 

nucleic acid sequences, relating to increased/decreased oil 
production, the ratio of saturated to unsaturated fatty 
acids in the fatty acid pool, and/or to novel oils 
coirpositions as a result of the modifications to the fatty 

25 acid pool. Once enzyme target (s) are identified and 

qualified, quantities of protein and purification protocols 
are needed for sequencing. Ultimately, useful nucleic acid 
constructs having the necessary elements to provide a 
phenotypic modification and plants containing such 

30 constructs are needed. 

Brief Deacription of t he FicnireB 

Figure 1 provides cDNA and translated amino acid 
sequences of a 50kD J^. communis synthase factor B gene. 
35 Preliminary cDNA sequence and the corresponding 

translational peptide sequence derived from the cDNA clone, 
PCGN2765 (2-8) , which encodes the SOkD synthase protein is 
shown. The cDNA includes both the postulated transit 
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peptide secuence (amno acids 1-42) and the sequence 
encoding the mature protein. r 2-8 

Figure 2 provides the R.conm^is synthase factor B 2 8 
sequence with additional 3' untranslated 
c Figure 3 provides cDNA and translated amno acxd 

seouences of a R. communis 46kD synthase factor A gene. 

^~es 4 and 5 provide cDUA and translated amino ac.d 
sequences of Brassica synthase factor B genes. 

Figure 4 provides sequences of the cDNA xnsert of 

10 PCGN3248. 

Figure 5 provides sequences of clone 4A. 
Figure 6 provides cDNA sequence of a Brassica synthase 
factor A gene. Comparison of the translated amino acxd 
sequence to the R. communis factor A sequence -^^^^^ ^ 
15 porsible frame shift mutation in the region near nucleotide 

Figure 7 provides translated amino acid sequence of 
nucleotides 79-1119 of the Brassica synthase A gene 

seouence shown in Fig. 6. 
,„ Figure 8 provides tr^slated amno acid se^ence of 

nucleotides 1121-1606 o£ the Brassica synthase A Bene 

seouence shown in Fig. 6, 

Figure 9 provides approximately 2 kb of genomic 

sequence of Bce4. 
25 Figure 10 provides a cDNA sequence and the 

corresponding translational peptide sequence ^"-d f rom 
C. tinctorius desaturase. The cDNA includes the^^ 
plastid transit peptide sequence (amino acids 1-33) and 
sequence encoding the mature protein. 

c * inventioa 

By this invention, compositions and methods of use 
related to S-ketoacyl-ACP synthase, hereinafter also 
re erred to as "synthase", are provided. Also of interest 
35 are methods and co^^sitions of amino acid and ^^^^J^^' 
sequences related to biologically active plant synthase (s). 
various plant synthase factor A and B proteins are 
described in WO 92/03564 which is hereby incorporated by 
reference in its entirety. As is described herein. 
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synthase III constructs for expression in plant cells may 
also be used, either alone, or in conjunction with other 
plant synthase or fatty acid biosynthesis gene sequences to 
provide enhanced oil yields and/or altered compositions of 
5 plant seed oil. 

Nucleic acid sequences encoding a synthase protein 
required for synthase activity in a host cell may be 
eniployed in nucleic acid constructs to modulate the amoxint 
of synthase activity present in the host cell. A synthase 

10 may be produced in host cells for harvest or as a means of 
effecting a contact between the synthase and its substrate. 
Host cells include prokaryotes and/or eukaryotes. Plant ^ 
host cells containing recombinant constructs encoding a 
synthase protein, as well as plants and cells containing 

15 modified levels of synthase protein (s) are also provided. 
Additional nucleic acid sequences, such as those encoding 
transit peptides, may also be used, paurticuleurly where a 
full length close for a particular synthase protein is not 
available or where a non-plant synthase sequence is used. 

20 In addition, nucleic acid constructs may be designed 

to decrease expression of endogenous synthase in a plant 
cell as well. One example is the use of an cuiti-sense 
synthase sequence iinder the control of a promoter capable 
of expression in at least those plant cells which normally 

25 produce the enzyme. 

Additionally, one may wish to coordinate expression of 
a synthase protein with the e3q>ression of other synthase 
proteins or other introduced sequences encoding enzymes 
related to fatty acid synthesis. For example, coordinated 

30 e3q)ression of synthase factor A and synthase factor B may 
be desirable to provide optimal synthase-II type activity 
in plant cells. Furthermore, coordinated expression of the 
synthase III gene with plant synthase proteins may also be 
desired. Examples of other enzymes related to fatty acid 

35 synthesis which may find use in conjxinction with synthase 
proteins include plant thioesterases , especially medium- 
chain thioesterases, desaturases, especially A-9 
desaturases, and the like. When nucleic acid constructs 
encoding such factors are prepared for introduction into a 
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pl^t =.U, the „«.s=riptl<,Ll initiation regions .»y be 

different from each other. 

P„rther-ore, uses o£ no„-plant synth.se prote^ 
se^«.ceB in pl»t cells are considered . 

^ Tt-pXr r consLcts — 
o£ » £. coli synthase III protein plant cells are 
::s:ihea. su=h constructs «ay ^^"^^-ts'^rri -s to 
optical codons .or «.r.,.ion ^ ^t^^e 

0 provide transit peptide .«nences to target tn yn 
^otein to Plastids for .«£.ct on the plant fatty ac.d 
synthesis reactions. 

,5 A plant synthase of this invention includes any 

sec^encl of a.ino acids, polypeptide, peptide frag»^t or 
ot^r protein preparation, v^ether derived in whole or xn 
other protein p P ^^^^y, demonstrates 

part from natural or synthetic sour ^ 

the ability to catalyze a "^'^^^^^ ,o C.s and 

20 acyl-ACP or acyl-CoA having a chain length of C2 16 
20 acyi Aut- o jr ^ ig^t synthase will be 

nalonyl-ACP in a plant host cell. A plan y 
capable of catalyzing a synthase reaction in a P^^^^^ 
if i e in vivo, or in a plant cell-like environment, 
l e vitro, ^ically. a plant synthase will be 

25 deri;e: in whole or in part from a natural plant source. 

in addition, synthase from other sources such as 
^cterla or lower plants, may also be useful in plants and 
Ts be considered a plant synthase in -™ 

•1- i->,e B coli synthase protein encoded by the taoa 
30 ^UsTol he::intrhaveho«»lo,y to Plant sy^t^^^ 

V • « Tn E coli, synthase I enzymatic activity is 
proteins, in co^j., =»jr 

Uded ^ a ho^i^er of the -e --^^, f„ 

particular interest xs a «ene = ^ 
ifabHl Constructs for expression of the Bacteri a 
3S celi: will include fusion "r^eT 

Loroplast tr».it peptide se^ences, 
coll synthase III gene product is directed to 
fatty ^id synthesis. In this ^r. the overall Upxd 
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yield may be increased by enhancing the first step in the 
FAS pathway. 

Synthase I demonstrates preferential activity towards 
acyl-ACPs having shorter carbon chains, C2-C14; synthase II 
5 demonstrates preferential activity towards acyl-ACPs having 
longer carbon chains, C14-C16. Synthase III demonstrates 
preferential activity towards acyl-CoAs having very short 
carbon chains, C2 to Ce* Other plant synthases may also 
find applicability by this invention, including synthase 

10 III type activities. 

Synthases include modified amino acid sequences, such 
as sequences which have been mutated, truncated, increased 
and the like, as well as such sequences which are partially 
or wholly artificially synthesized. Synthases and nucleic 

15 acid sequences encoding- synthases may be obtained by 
partial or homogenous purification of plant extracts, 
protein modeling, nucleic acid probes, antibody 
preparations, or sequence comparisons, for example. Once 
purified synthase is obtained, it may be used to obtain 

20 other plant synthases by contacting an antibody specific to 
R. communis synthase with a plant synthase under conditions 
conducive to the formation of an eaitigen: antibody 
immunocoirplex and the recovery of plant synthase which 
reacts thereto. Once the nucleic acid sequence encoding a 

25 synthase is obtained, it may be employed in probes for 

further screening or used in genetic engineering constructs 
for transcription or trMscription and translation in host 
cells, especially pleoit host cells. 

Recombinant constructs containing a nucleic acid 

30 sequence encoding a synthase and a heterologous nucleic 

acid sequence of interest may be prepared. By heterologous 
is meant any sequence which is not naturally found joined 
to the synthase sequence. Hence, by definition, a sequence 
joined to any modified synthase is not a wild- type 

35 sequence. Other examples include a synthase from one plant 
source which is integrated into the genome of a different 
pl£uit host. 

Constructs may be. designed to produce synthase in 
either prokaryotic or eukaryotic cells. The increased 
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expression of a synthase in a plant cell or decreased 
amount of endogenous synthase observed in a plant cell are 
of special interest. Moreover, in a nucleic acid construct 
for integration into a plant host genome, the synthase may 
5 be found in a "sense" or "anti-sense" orientation in 

relation to the direction of transcription. Thus, nucleic 
acids may encode biologically active synthases or sequences 
complementary to the sequence encoding a synthase to 
inhibit the production of endogenous plant synthase. By 
10 transcribing and translating a sense sequence in a plant 
host cell, the amount of synthase available to the plant 
PAS con«,lex is increased. By transcribing or transcribing 
and translating an anti-sense sequence in a plant host 
cell, the amount of the synthase available to the plant FAS 
15 is decreased. Ideally, the anti-sense sequence is very 
highly homologous to the endogenous sequence. Other 
xnanners of decreasing the amount of synthase available to • 
FAS may be eit«>loyed. such as ribozymes or the screening of 
plant cells transformed with constructs containing sense 
20 sequences which in fact act to decrease synthase 

expression, within the scope of this invention. Other 
analogous methods may be applied by those of ordinary skill 
in the art. 

synthases may be used, alone or in combination, to 
catalyze the elongating condensation reactions of fatty 
acid synthesis depending upon the desired result. For 
example, rate influencing synthase activity may reside in 
synthase I-type. synthase Il-type. synthase Ill-type or m 
a contoination of these enzymes. Furthermore, synthase 
activities may rely on a combination of the various 
synthase factors as described in WO 92/03564. 

constructs which contain elements to provide the 
transcription and translation of a nucleic acid sequence of 
interest in a host cell are "expression cassettes" . 
35 Depending upon the host, the regulatory regions will vary, 
including regions from structural genes from viruses, 
plasmid or chromosomal genes, or the like. For expression 
in prokaryotic or eukaryotic microorganisms, particularly 
unicellular hosts, a wide variety of constitutive or 
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regulatable promoters may be eit^loyed. Among 
transcriptional initiation regions which have been 
described are regions from bacterial and yeast hosts, such 
as E. coli, B. subtilis, Saccharomyces cerevisiae, 
5 including genes such as S-galactosidase, T7 polymerase, 
trp-lac (tac) , trp E and the like. 

An expression cassette for esqjression of synthase in a 
plant cell will include, in the 5 » to 3* direction of 
transcription, a transcription and translation initiation 
10 control regulatory region (also known as a "promoter") 
functional in a plant cell, a nucleic acid sequence 
encoding a synthase, and a transcription termination 
region. Numerous transcription initiation regions are 
available which provide for a wide variety of constitutive 
15 or regulatable, e.g., inducible, transcription of the 
desaturase structural gene. Among transcriptional 
initiation regions used for plants are such regions 
associated with cauliflower mosaic viruses {35S, 19S), and 
structural genes such as for nopaline synthase or mannopine 
20 synthase or napin and ACP promoters, etc. The 

transcription/ translation initiation regions corresponding 
to such structural genes are found immediately 5» upstream 
to the respective start codons. Thus, depending upon the 
intended use, different promoters may be desired. 
25 Of special interest in this invention are the use of 

promoters which are capable of preferentially e3q>ressing 
the synthase in seed tissue, in particular, at early stages 
of seed oil formation. Selective modification of seed 
fatty acid/oils coir5>osition will reduce potential adverse 
30 effects to other plant tissues. Exaii5>les of such seed- 
specific promoters include the region immediately 5' 
upstream of a napin or seed ACP genes such as described in 
EP 0 255 378 (published 2/3/88), desaturase genes such as 
described in Thompson et ai (Proc. Nat. Acad, Sci. (1991) 
35 88:2578-2582) , WO 92/03564 and Fig. 10 herein, or Bce-4 

gene such as described in co-pending USSN AS A, 122, and Fig. 
9 herein. Alternatively, the use of the 5« regulatory 
region associated with the plant synthase structural gene, 
i.e., the region immediately 5' upstream to a plant 
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synthase structural gene and^or the "anscription 
tLination regions found i^aediately 3' do^strea. to the 
^lant synthase structural gene, ^y often .e desxred- In 
general, proxnoters will be selected based -P-^^^J 
, expression profile which may change given the partxcular 

application. «nti-sense orientation may be 

Sequences found in an anti-sense on . 
found irca.settes «hlch at least previa, for tr.«=r.pt-n 
of tha .e<^an=e ancoding th, .yntha... By ant.-sensa xs 
^t a im se^' in tha 5' to 3' direction o 
transcription .hich encodes a se^ence '■^^'^'^ '^^ 
sa-^enc. of int«..st. It is preferred that an antx s«.se 
synthase- be co™ple,»entary to a pl«.t synthase ,«e 
i^genous to the plant host. «y promoter capable of 
^/ession in a plant host .*i=h causes 

I^als of trM.s=ription in all storage txssuas f^J^ 
^velop^ant is sufficient. Seed specific promoter. »y be 

sa^enca of this invention ^y include genome 
or dm .e<^ence. A cDH* essence w or «y not contain 
pra-prooassing s«^ences, such as transit peptide 
L<r.ences. Transit peptide se^ences facxUtata ^ 
delivery of the protein to a given organella 
cleaved from the a^no acid -oiety upon entry xntothe 
organelle, releasing the -mtura- protexn or anzyB«. . As 
synthases are part of tha FAS pathway of plastid 
organelles, such as tha chloroplast, proplast.d, etc. , 
t^^it peptides may be retired to direct the P-texn s 
to substrata. A transit peptide saguenca from a^yP^st.d 
translocating sources may be ewloyed, such as 
especially seed ACP, small subunlt of 
carboxylase (RuBC) , plant desaturase or from th. nat>va 
r^^e naturally associated with tha '-P-"'* ^^f^^'' 
The oo^lete genomic sa.,.enc. of a plant synthase may 
S be obtained by the screening of a genomic library w.^ a 
probe and isolating those .e.^en=es which hybrxdxse thereto 
L described more fully below. Kegulatory sequences 
i^,tely 5', tr»«criptional and translat.onal 
initiation regions, muJ 3'. transcriptional and 
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translational termination regions, to the synthase may be 
obtained and used with or without the synthase structural 
gene. 

Other synthases and/or synthase nucleic sequences are 
5 obtainable from amino acid and DNA sequences provided 

herein. "Obtainable" refers to those plant synthases which 
have sufficiently similar sequence to that of the native 
sequence (s) of this invention to provide a biologically 
active synthase. One skilled in the art will readily 

10 recognize that antibody preparations, nucleic acid probes 
(DNA cuid RNA) and the like may be prepared and used to 
screen and recover synthases and/or synthase nucleic acid 
sequences from other sources. Thus, sequences which are 
homologously related to or derivations from either 

15 communis synthase I or II are considered obtainable from ' 
the present invention. 

"Homologeously related" includes those nucleic acid 
sequences which are identical or conservatively substituted 
as compared to the native sequence. Typically, a 

20 homologously related nucleic acid sequence will show at 
least about 60% homology, and more preferably at least 
about 70% homology, between the R. communis synthase and 
.the given plant synthase of interest, excluding any 
deletions which may be present. Homology is determined 

25 upon comparison of sequence information, nucleic acid or 
amino acid, or through hybridization reactions. 

Probes can be considerably shorter than the entire 
sequence, but should be at least about 10, preferably at 
least about 15, more preferably at least 20 or so 

30 nucleotides in length. Longer oligonucleotides are also 
useful, up to the full length of the gene encoding the 
polypeptide of interest. Both DNA and FNA can be used. 

A genomic library prepared from the plant source of 
interest may be probed with conserved sequences from a R. 

35 communis synthase cDNA to identify homologously related 

sequences. Use of an entire R. coxnmmxis synthase cDNA may 
be employed if shorter probe sequences are not identified. 
Positive clones are then analyzed by restriction enzyme 
digestion and/ or sequencing. In this general manner, one 
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or »or. s^ence, be identified providin. both the 
coding region, as well as the transcriptional re^latory 
el«^ts of the synthase gene fro» such P^™^ 'r^^'" 

^er .for e«,le with "P-labeled or ^^^^^ ^ „^ 
nucleotides) ^ are incubated with -'-^^''^"'^^^ 
0 ™. fro. the Plant source in which the "/^f ' 

although unlabeled oligonucleotides "//J^^^^^,,,. 
Hyhridization is detected, tvpicallv ^'j:";^^''' 
r««er or nylon membranes by means of the label atu 

stranded and double- stranded '"Vbridi.ed, or 
, have been separated. ^^^-^^-X:^^^ 

suitable for use with oligonucleotides are wen 
t^o f s^i led in the art. Thus, plant synthase genes ^ 
he isolated by vari- technic*' ^ rooirfeed 

pl„t. Plant g«>.s for synthases fro„ ^;^'^'-'^J^Zius 
" Obtained ^^S^j'TZr^Z^^ ^^o^ 
r, irr'p^r: lil Pal» and the li.e are desired 
I will as fros. non-traditional oil '"^^^'^'l^J^^,, 
. ^.hioroolast, avocado Msocarp, Cuphea, California 

„ rrrirrciaiis. synthase., -----r 

Obtained fro. C^»^V - ..^^^ 

:riri rt^snrr rel conjunction With a Plant 

medium-Chain thioesterase . ^vvained 
30 once the desired pl«>t synthase se<^ence is obtained, 

it .^y be «nipulated in a variety of ways. ^'^'^ 
s.,^e„ce involves non-coding flanHing regions, the fl^g 
:::ons „ay be subjected to — --"^ ;s:rtIons 
«,us, transitions, ^'^^^Z:.^^ '^ In 
" :^«rtr:^ ^ of - :-ence ^y be synthesi^ea, 
« codon. ^y b. .Edified to provide for a 

^ified a^in, acid t 
stations may be introduced to provide for 
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• - r.r other pu^se involved with 
restriction site or other p rp ^ 

construction or expression. The st ^ inkers 
. ,„ther edified -^'^^'^ ^^^^^^^i^ iltes, or 

to introa.ce one or "".S^, codin. ^ 

, iiKe - .„^ent thereof »iU g 

£or the ^^'-^ ^"^^'l^ . transcriptional initiation -I 

he joined at it. ^ t .stances, such as . •, 

regulatory . nucleic acid se^«.ce ; 

adulation ot Pl«.t ""'^^ 7^^, orientation, a L 
0 encoding synthase m an anti sense o 

transcription initiation region or W 

tr«>scriptlon/translation -'""^ ^/^^ m 
in ena»di"ehts wherein the expression ot th V= 

protein is desired in a ^^^^ \^i.,ory ragion. I. ? 

,5 «»»cription/translat^in^iati» »^ _ ^^^^ ^ 

needed. Mditionally, nodl£i«a 

transcription ^-^^^^J^™ ^^.^n T-^- ^^^^ ' 
.ource and p.o»oters. such as double 

different g».. .ourc. ~ applications. 

u dascribed above, ot p _ „btain.d tro» 
5. upstream non-coding regions '^^'^^^'^^^^ «,os. 
,„e. reflated during seed ---^^^.^u.. as 
praterentially expressed in P^^' "°^^^,^i,n „<„trol 
„ ACP-and napin-derived during liP« 

regions. --^1**°" -^"^ "Ltlartor greater 

accumulation and t^"*'" """J^^^^J^^ ^rLLion of . 
control and/or ,etfectiv«».s to «^i& th J 

plant desatur... an^/or -^^/^te^est are transcription 

30 coa^osition. -^^^XT^^^^^^^^^^ ^-^"'-^ 
initiation regie:,, ^i* - ^^^^^^ 

seed tis«ie, i.e.. „anscript initiation r«,ion 

pa^ts. For this --^".^^' ^J^ZZ I. c^'"^- 

o. jrC4- • a^fa g«.. ^vlng an unhewn 

" ru:ctrorrsorated z ca^-^^ -^--^ 
.z ";:ri~in i^i::: tissue at 

leastrl^r » days after anthesis Ulcwering, . 
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peaking about 6 to 8 days later or 17-19 days post- 
anthesis, and becoming undetectable by 35 days post- 
anthesis. The timing of expression of the Bce4 gene 
closely follows that of lipid accumulation in seed tissue. 
Bce4 is primarily detected in seed embryo tissue and to a 
lesser extent found in the seed coat. Bce4 has not been 
detected in other plant tissues tested, root, stem and 
leaves . 

Bce4 transcript initiation regions will contain at 
least 1 kb and more preferably about 5 to about 7.5 kb of 
sequence immediately 5* to the Bce4 structural gene. 

The Beg 4-4 ACP message presents a similar expression 
profile to that of Bce4 and, therefore, also corresponds to 
lipid accumulation in the seed tissue. Beg 4-4 is not 
found in the seed coat and may show some differences in 
expression level,, as compared to Bce4, when the Beg 4-4 5' 
non-coding sequence is used to regulate transcription or 
transcription and translation of a plant A-9 desaturase of 
this invention. 

The napin 1-2 message is found in early seed 
development and thus, also offers regulatory regions which 
can offer preferential transcriptional regulation of a 
desired DNA sequence of interest such as the plant 
desaturase DNA sequence of this invention during lipid 
acctimulation. Napins are one of the two classes of storage 
proteins synthesized in developing Brassica embryos 
(Bhatty, et aJ., Can J. Biocbem. (1968) 45:1191-1197) and 
have been used to direct tissue-specific expression when 
reintroduced into the Brassica genome (Radke, et al., 
Theor. Appl. Genet. (1988) 75:685-694). 

As to regulatory transcript termination regions, these 
may be provided by the DNA sequence encoding the plant 
synthase or a convenient transcription termination region 
derived from a different gene source, especially the 
transcript termination region which is naturally associated 
with the transcript initiation region. Typically, the 
transcript termination region will contain at least about 1 
kb, preferably about 3 kb of sequence 3' to the structural 
gene from which the termination region is derived. 
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In developing the DNA construct, the various 
components of the construct or fragments thereof will 
normally be inserted into a convenient cloning vector which 
is capable of replication in a bacterial host, e.g., E. 
5 coli. Nvmierous vectors exist that have been described in 
the literature. After each cloning, the plasroid may be 
isolated and subjected to further manipulation, such as 
restriction, insertion of new fragments, ligation, 
deletion, insertion, resection, etc., so as to tailor the 
10 conponents of the desired sequence. Once the construct has 
been completed, it may then be transferred to an 
appropriate vector for further manipulation in accordance, 
with the manner of transformation of the host cell. 

Normally, included with the DNA construct will be a 
15 structural gene having the necessary regulatory regions for 
expression in a host and providing for selection of 
transformed cells. The gene may provide for resistance to 
a cytotoxic agent > e.g. antibiotic, heavy metal, toxin, 
etc . , complementation providing prototrophy to an 
20 auxotrophic host, viral immunity or the like. Depending 
upon the number of different host species into which the 
expression construct or components thereof are introduced, 
one or more markers may be employed, where different 
conditions for selection are used for the different hosts. 
25 The manner in which the DNA construct is .introduced 

into the plant host is not critical to this invention. Any 
method whfich provides for efficient transformation may be 
en5>loyed. Various methods for plant cell transformation 
include the use of Ti- or Ri-plasmids, microinjection, 
30 electroporation, liposome fusion, DNA bombardment or the 

like. In many instances, it will be desirable to have the 
construct bordered on one or both sides by T-DNA, 
particularly having the left and right borders, more 
particularly the right border. This is particularly useful 
35 when the construct uses A. tumefaciens or A. rhizogenes as 
a mode for transformation, although the T-DNA borders may 
find use with other modes of transformation. 

Where Agrobacteriim is used for plant cell 
transformation, a vector may be used which may be 
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introduced into the Agrohacterium host for homologous 
recombination with T-im or the Ti- or Ri-plasmid present 
in the Agrobacteriuin host. The Ti- or Ri-plasmxd 
containing the T-DNA for recoittoination may be armed 
(capable of causing gall formation) or disarmed (xncapable 
of causing gall formation) . either being permissible, so 
long as the vir genes are present in the transformed 
Agrobacterimn host. The anr^d plasmid can give a mixture 
of normal plant cell and gall. 

A preferred method for the use of Agrobacter^um as the 
vehicle for transformation of plant cells en^loys a vector 
having a broad host range replication system, at least one 
T-DNA boundary and the DNA sequence or sequences of 
interest. Commonly used vectors include pRK2 or 
derivatives thereof. See. for example. Ditta et al.. FmS 
USA (1980) 77:7347-7351 and EPA 0 120 515. which are 
incorporated herein by reference. Normally, the vector 
will be free of genes coding for opines, oncogenes and var- 
genes. Included with the expression construct and the T- 
BNA will be one or more markers, which allow for selection 
of transformed Agrobacterium and transformed plant cells. 
A number of markers have been developed for use with plant 
cells, such as resistance to chloramphenicol, the 
aminoglycoside G418, hygromycin. or the like. The 
particular marker employed is not essential to this 
invention, one or another marker being preferred depending 
on the particular host and the manner of construction. 

The vector is used for introducing the DNA of interest 
into a plant cell by transformation into an Agrobacterium 
, having vir-genes functional for transferring ™ ^ 
plant cell. The Agrobacterium containing the broad host 
range vector construct is then used to infect plant cells 
under appropriate conditions for transfer of the desired 
DNA into the plant host cell under conditions where 
5 replication and normal expression will occur. This will 
also. usually include transfer of the marker, so that cells 
containing the desired DNA may be readily selected 

The expression constructs may be employed with a wide 
variety of plant life, particularly plant life involved m 
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the production of vegetable oils. These plants include, 
but are not limited to rapeseed, peanut, sunflower, C. 
tinctorius, cotton, Cuphea, soybean, and com or palm. 

For transformation of plant cells using Agrobacterium, 
5 explants may be combined and inctibated with the transformed 
Agrobacterixm for sufficient time for transformation, the 
bacteria killed, and the plant cells cultured in an 
appropriate selective medium- Once callus forms, shoot 
formation can be encouraged by employing the appropriate 

10 plant hormones in accordance with known methods and the 
shoots transferred to rooting medium for regeneration of 
plants. The plants may then be grown to seed and the seed 
used to establish repetitive generations and for isolation 
of vegetable oils. 

15 The invention now being generally described, it will 

be more readily understood by reference to the following 
exaxt^les which are included for purposes of illustration 
only and are not intended to limit the present invention. 

20 E^AMPyiBP 

Exaa^le 1. Analysis of Synthase Proteins 

In purification of synthase proteins as discussed in 
WO 92/03564, synthase II activity was observed only when 
both the 46 and 50kD peptides were present in R. communis 
25 protein preparations, while synthase I activity was 

detected in preparations containing only the 501cD peptide. 
In addition, E. coli expression data demonstrated that both 
the 46kD and 50kD synthase factors (factors A and B, 
respectively) were required for synthase II type activity, 
30 and that synthase factor A contributes the longer chain 
fatty acyl substrate specificity to synthase II activity. 

To determine whether synthase II activity requires two 
discrete proteins or a single heterodimer, covalent 
intramolecular bonds are introduced into the purified 
35 protein preparation and the products of this reaction 
identified by SDS-PAGE and Western analysis. A similar 
analysis is conducted with a synthase I preparation to 
determine if synthase I activity is provided by a single 
peptide, or a homodimer of the observed 50kD peptide. 
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Twenty 'jlg (400pmol of 46kD and 50kD peptides) of a 
purified synthase II preparation in "20 buffer", is 
combined with 40nmol of EGS (ethylene glycol 
Ms(succinimdyl succinate)) in 10% Me2S0, to a fxnal 
volume of 0.4ml. The reaction is stopped by addxtxon of 
0.045inl of 2M Tris-HCl, pH 7.0, and the protexn xs 
prepared immediately for gel electrophoresis by the 
addition of SDS-PAGE sample buffer containing B- 
.ercaptoethanol. A purified preparation of synthase I 
similarly treated, except that 600ng (12pmol of 50^ 
peptide) is combined with 8.3nmol of EGS ^ l^^^^l' 
^1^ This reaction is stopped by addition of 9^1 of 2M 
Tris-HCl. PH 7.0. The crosslinked proteins are analyzed by 
SDS-PAGE. western transfer and antibody 

Each of the two active sites on a molecule of EGS can 
fox^ a covalent bond with any available amino group of the 
studied proteins, resulting in linKage of the two amxno 
,.oups across an EGS bridge. With synthase II. at room 
ten^erature incubations of 10 or 30 minutes xn from 0.1:„M 
to lOmM EGS. only two major and two minor specxes of 
crosslinked proteins are formed. These protexns are 
observed to migrate on SDS-PAGE at about 124 and 107)cD, 
suggesting that the proteins are dimers. By Western 
L!!ysis. all crosslin)ced products react positively wxth 
^tiLdies raised against both the 46 and ^0- Pept^- 
indicating that both peptides are present xn all prodacts 
of crosslinking. The appearance of more than one dxmer 
could reflect different conformations of the dxmers 
Ilpending on the number and the locations of intramolecular 
forLtions. only after prolonged incubation, or with 
higher concentrations of EGS. are multimeric protexn 
species formed. These results provide 
that the synthase II protein is a heterodimer of the 46 and 
50kD subunits. 

35 When synthase I protein is subjected to the sa=« 

reactions, major and two minor products are formed, 

each of Which has a mobility of about 1161cD. All three of 
these products react with antibody raised agaxnst the 50kD 
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peptide, but not with antibodies raised against the 46kD 
peptide. These results suggest that the protein having 
synthase I activity is a homodimer of the 50kD peptide. 

5 Example 2. Synthase Oe&e Sequence 

The preparation of a cDNA libraries, using the methods 
as described in Alexander, et al. {Methods in Enzymology 
(1987) 154x41-64), and. the screening of the cDNA libraries 
for synthase cDNA clones are described in WO 92/03564. 

10 Sequences of plant synthase factor proteins A and B which 
have been shown to be required for synthase II activitiy 
are provided herein in Figures 1-8. It is noted that 
synthase factor B protein is also required for plant 
synthase I type activity (WO 92/03564) 

15 Sequence of ^ E. coli synthase III gene is found in 

Tsay etv al. (J. Biol. Chem. (1992) 257:6807-6814) 

Exasvle 3. Expression Cassettes 

In this exainple, expression cassettes suitable for 

20 insertion of synthase genes are described. 

Expression cassettes utilizing 5 '-upstream sequences 
and 3 ' -downstream sequences of genes preferentially 
expressed during seed development can be constructed from 
isolated DNA sequences of genes with an appropriate 

25 expression pattern. Examples of genes which are expressed 
during seed development in Brassica are a napin gene, 1-2, 
and an ACP gene, Bcg4-4, both described in European Patent 
Publication EP 0 255 378, and a Bce4 gene, as described 
below. The napin gene encodes a seed storage protein that 

30 is preferentially expressed in immature embryos which are 
actively producing storage proteins. The ACP gene encodes 
a protein which is an integral factor in the synthesis of 
fatty acids in the developing embryo and is preferentially 
expressed during fatty acid synthesis- Bce4 is a gene that 

35 produces a protein of unknown fxinction that is 

preferentially expressed early in embryo development, at 
about 15-19 days post-anthesis, and is also detectable as 
early as 11 days post-anthesis . The sequence of Bce4 is 
shown in Figure 9. 
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se^ences that control the ^xpr-sion of these 
genes can be isolated and sufficient portxons of the 5 

re^latory regions co^ined such that a -^h-^^^^^^^ 
inserted between these sequences will be preferentxally 
Tressed earl, in seed development. '^-^^J^J^^^^^ 

:rttern will allow the ^-^^^-J^;::^^^^^^^ 
synthesis, which also occurs early xn ^^^^ ^ ^ 

i« « 1 45 Icb Xhol fragment containing 5 sequenc 
For exainple, a 1.45 kd ^ .„^„„ 3. seouence of 

and a 1 5 kb Sstl/Bglll fragment containing 3 seque 
. T Bcg4-4 ACP gene can be combined in an ACP expression 
) the Bcg4 4 ACP g ^.^ii^^le DNA manipulation 

:rrrs:.rra ^^^^ — - - 

sequence from an EcoRV site t sequence from 

5 start codon and aPP— ly l^Sjb o ^^^^ ^^^^^ 

an Xhol site approximately 18 bases p 

7.4 KD 01 gtart codon with approximately 

JO immediately before the ATO stop 
1.9 kb of 3' sequences from immediately after 

codon to a 3- Pstl site. expression cassettes 

variations can be made in these expr 
such as increasing or decreasing the amounts of 5 ^nd 
sequences, -in- ^ ^ 

rTq:!:: :f^^n./.it. 1. 1 . . . ^ — 

of ACP Bcg4-4 in an expression cassette) , or using 
available 3' regulatory sequences. ^^^^ ^^'""^^^ 
30 variations result in expression cassettes tha^ aUo 
expression of the inserted synthase gene at an app 
time during seed development. 

A. U^uuM^jMl iri' r-iTrr-HT-n ttes. 

Naoin 1-2 pCGNlSOB Expression Cassette 
Napin 1 ^ P utilizing 5' upstream sequences 

An expression cassette utilizing ^ f 

,ene can be constructed « follows 
A 2.7 kb Xhol fragment of napin 1-2 (see, g« 
HP 0 255 378. published February 3. 1988, contaxn^ 5 



25 

3 

kb 5 



1. 

35 

and 3 
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upstream sequences is subcloned into pCGN789 (a pUC based 
vector with the normal polylinker replaced by the synthetic 
linker which encodes the restriction digestion sites £?coRI, 
Sail, Bglll, PstI, Xhol, Baxt&ll, Hindlll) and results in 
5 pCO9940. The majority of the napin coding region of 

PCGN940 was deleted by digestion with Sail and religation 
to form pCGNlSOO. Single-stranded DNA from pCGNlSOO was 
used in an in vitro mutagenesis reaction (Adelman et al*/ 
DNA (1983) 2:183-193) using a synthetic oligonucleotide 

10 which inserted EcoRV and Ncol restriction site at the 

junction of the promoter region and the ATG start codon of 
the napin gene. An appropriate mutant was identified by 
hybridization to the oligonucleotide used for the 
mutagenesis and sequence analysis and named pCGNlSOl. 

15 A 1.7 kb promoter fragment was subcloned from pCGNlSOl 

by partial digestion with EcoRV aiid ligation to pCGN786 (a 
PCGN566 (polylinker in opposite orientation as pC6N565 
described in WO 92/03564) chloramphenicol based vector with 
the synthetic linker described above in place of the normal 

20 polylinker) cut with KcoRI and blxinted by filling in with 
DNA Polymerase I Klenow fragment to create pCGN1802, 

A 2.1 kb Sail fragment of napin 1-2 containing 3' 
downstream sequences is s\ibcloned into pCGN789 (described 
above) and results in pCGN941. pCGN941 is digested with 

25 Xhol and Hindlll and the resulting approximately 1.6 kb of 
napin -3 * sequences are inserted into Xhol-Hindlll digested 
PCGN1802 to result in pCGN1803. In order to remove a 326 
nucleotide Hindlll fragment inserted opposite to its 
natural orientation/ as a result of the fact that there are 

30 2 Hindlll sites in pC(aT1803, the pCGN1803 is digested with 
Hindlll and religated. Following religation, a clone is 
selected which now contains only 1.25 kb of the original 
1.6 napin 3' sequence. This clone, pCGN1808 is the napin 
1-2 expression cassette and contains 1.725 kb of napin 

35 promoter sequences and 1.265 kb of napin 3' sequence with 
the unique cloning sites Sail, Bgll, Pstl and Xhol in 
between . 

2. Napin 1-2 pCGN3223 E^^ression Cassette 
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Alternatively, pCGHlSOS Jy modified to contain 
tlanicing restriction sitea to allow »»ve„ent °^ ""^^ 
expression se,^encea and not the antibiotic "sista^e 
^ker to binary vectors such as pCGN1557 (HcBr.de and 
Clrfelt, supra,, synthetic oligonucleotides co^tain^O 
Kpnl, »otI M.d Hlndlll restriction sites are "—l-^ 
lUated at the «ni<,ue Hlndlll sit. of pCGNlSOB. '-^^ 
Zy on. Kindlll site i. recovered. The resulting plasmd 
contains uni^e Hlnaill, »otI and Kpnl restriction 
, Ltes at the B-end of the napin 3-re^latory sciences as 
confirmed by sequence analysis. 

The .najorlty o£ the napin expression " 
subcloned from pCS«3200 by digestion with Hindlll and Sad 
a^ ligation to Hindlll and .acl digested pIClSE (Marsh, et 
5 " 1984, G«.e 3..4Sl-4e5) to maKe pCGH3212. The extreme 
^'isi^ences of the napin promoter region are reconstructed 
by PCR using pC<aO200 as a template and P'^"^" 
flanWng the Sad site and the junction of the -P-^^ 
promoter and the pUC bacicbcn. of pCCKB^OO from the pCCHlSOS 
,0 construct. The £or«rd primer contains Clal, Hindlll, 
»0tl and restriction sites as well as nucleotides 

:::r.«rof L napin .-se,uence .from the EccBV .ite, 
the reverse primer contains the cowl««nt to win 
se-juences 718-739 >*ich Include the unique SacI site in the 

25 5 '-promoter. The KB «a. performed using a Perkin 

Elmer/cetua thermocycler according to "^^""'"^W 
specifications. The PCK fragment is -bcloned as a b^t 
ended fragment into pOC8 (Vieira and Messmg f"' 
19 = 259-268) «^ digested with Hindi to give pCGN32n. 

30 sequence of pcan217 across the napin 

- — r 1 i-g^rtftTe n:ai "er of'the 

5-sec3uences in pCGN3,.iJ./ ate xxy 

.=«4«n cassette by digestion with Clal and Sad 
napin expression cassette cy a , , ^ o^^t The 

and ligation to pcal3212 digest«i with Clal and ^"f- ^^^^ 
35 "llting expression casaett. PCGH3221, is digested with 

r LT^h, napin expression sequences are gel purified 

away and ligated to pXOaOH — /^l ^^ra 3 ^ch 

Hindlll. The final expression cassette is puv^^^ 

:^^L in an aa^icillin resistant baCcground, essentially 
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identical 1:725 napin 5' and 1.265 3* regulatory sequences 
as found in pCGN1808. The regulatory regions are flanked 
with Hindlll, Notl and Kpnl restriction sites and unique 
Sail, Bglll, PstI, and Xhol cloning sites are located 
5 between the 5' and 3' noncoding regions. 
B. ^c^4 Ebqpiression Cassette 

An expression cassette for seed specific es^ression 
Ceui also be constructed from Bce4 gene sequences, such as 
those represented in Figure 9- Genomic clones having 

10 regulatory sequences of the Bce4 gene may be isolated from 
a Brassica campestris genomic library using Bce4 sequences 
as probe. For example, an approximately 20 kb BamHI 
fragment is isolated and designated as clone PlCl. The 
approximately 20 kb insert of clone PlCl is released by 

15 BamHI digestion and inserted into the BairiRl site of . the 
binary vector pCGN1547 (see below), producing pCGN1853. 
The PstI fragment of pCGN1853, containing the Bce4 gene, is 
inserted into the PstI site of pUC18 (Norrander, et al. 
(1983) Gene 25:101-106), producing pCCail857. The plasmid 

20 PCGN1857 was deposited with the ATCC, Rockville, MD on 

March 9, 1990, accession number 68251. The Clal fragment 
of PCGN1857, containing the Bce4 gene is ligated into Clal 
digested Bluescript KS+ (Stratagene; La Jolla, CA) , 
producing pCGN1864. Single stranded DNA is made from 

25 pCGN1864 and altered by in vitro mutagenesis as described 
by Adelman et al. {DNA (1983) 2:183-193) using 
oligonucleotides having homology to Bce4 sequences 5' and 
3* of the translated start and stop codons and also coding 
for restriction digest sites. The resulting plasmid, 

30 PCGN1866, contains Xhol and BamHI sites (from BCE45P) 

immesdiately 5* to the Bce4 start codon and BamHI and Smal 
sites (from BCE43P) immediately 3' to the Bce4 stop codon. 
The Clal fragment of pCGN1866, containing the mutagenized 
sequences, is inserted into the Clal site of pCGN2016 

35 (described below), producing pCGN1866C. The Clal fragment 
of pCGNi866C is used to replace the corresponding wild-type 
Clal fragment of pCCail867 (described below) to produce 
PCGN1868. Bce4 coding sequences are removed by digestion 
of pCGN1868 with BamHI and recirculaurization of the plasmid 
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rvMiR70 The Bce4 expression cassette, 
to produc. PC«1B70_ ^^i„ory serene, and 1.5 

sepLtea ^ .he cloni., sites, ^o., Ba^I, and 

Smal. 

prr,Nl867 PUC18 (Norrander et al.. 

The BamHI and Smal sites or puux 

,.33) sup.a) are removed .V ^--^^^^^^^^^^^ 

, ends, to produce pCGNl862. The P ^.^^ 
containing the Bce4 gene, xs xnserted xnto 
PCGN1862 to produce pCGN1867. 

^"^^^ . of pUCl2-Cm (Buckley, K. . 

The multiple cloning sites of pUCi^ ^ i 

V • TirsD CA (1985)) are replaced by those of 
5 Ph.D. Thesis. ,^,g„ent of pCGN565. 

PUC18 to produce pCGN565. The unax y excised. 
Ltainin. the a.l«»^=ol resxst.^ 'J^^ldTnto the 
blunted by use of «.g b.«> nu=l.«e, «.d ^sert 
HcoKV site of Bluescript KS- ^'"''^"'^J^^'^^X,^ of 
,0 create PCGH2008. The chloramphenicol resistai>ce g 
' X'oO> is ren^ved by «.oKI-HindIxl digestion. *ft.r 
Cta^nt with Klenow e„»V»e to blunt - ^ 
.^t carrying ---/--^crrp:^^^ replacing 
„ ra::cUUnTesrtLe gene of Bluescript KS-. to 
produce pCGN2016. 

r^:::r^utili.ing =-upstrea. se^ences 
^ .^dTIL... .e^ences Ctainab. 

fragment o£ Bcg fi * Bluescript + 

J hhe cloning/sequencing vector Bluescrxp 

subdoned into the cloning/ ^ resulting 

.3tratagene Cloning Syst^. - „ , 

construct. pCGNl941. is aig „ector. pCGN2015 

, . „T resistant Bluescript M13+ vector, f 

35 !cca«0 is described in WO 92/05364. 
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3 '-sequences of Beg 4-4 are contained on an Sstl/Bglll 
fragment cloned in the Sstl/BaiOil sites of M13 Bluescript+ 
vector. This plasmid is named pCGN1940. pCGN1940 is 
modified by in vitro site-directed mutagenesis (Adelinan et 
5 al.,.DNA (1983) 2:183-193) using the synthetic 
oligonucleotide (SEQ ID NO: 51) 5'- 

CTTAAGAAGTAACCCGGGCTGCACTTTTAGTATTAAGSAG-3' to insert Smal 
and Pstl restriction sites immediately following the stop 
codon of the reading frame for the ACP gene 18 nucleotides 

10 from the Ss tl site. The 3'-noncoding sequences from this 
modified plasmid, pCGN1950, are moved as a PsI-Smal 
fragment into pCGN1953 cut with Pstl and Smal. The 
resulting plasmid pCGN1977 comprises the ACP expression 
cassette with the unique restriction sites EcdRV, EcdRl and 

15 Pstl available between the 1.45kb 5' and 1.5 kb of 3 • - 
noncoding sequences for the cloning . of genes to be 
expressed under regulation of these ACP gene regions . 

Ezanple 4. Synthase Constructs 

20 A. P^^«i>ation »f Pl»nt Tran s format iPP V?CtgrS 

Synthase cDNA sequences can be inserted in expression 
cassettes containing plant regulatory regions using a 
variety of DNA manipulation techniques. In this manner, 
synthase constructs in either the sense or anti-sense 

25 orientation are prepared. If convenient restriction sites 
are present in the synthase clones, they may be inserted 
into the expression cassette by digesting with the 
restriction endonucleases and ligation into, the cassette 
that has been digested. at one or more of the available 

30 cloning sites. If convenient restriction sites are not 

available in the clones, the DNA of either the cassette or 
the synthase gene(s). can be modified in a variety of ways 
to facilitatecloning of the synthase gene(s) into the 
cassette. Examples of methods to modify the DNA include by 

35 PGR, synthetic linker or adaptor ligation, in vitro site- 
directed mutagenesis (Adelman et al., supra), filling in or 
cutting back of overhanging 5 or 3' ends, and the like. 
These and other methods of manipulating DNA are well known 
to those of ordinary skill in the art. 
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«,e £r.^t containing 41 is 

e:.preBS.on =«s.«e, 5 ^ aescrlbed by 

then cloned into e binary vector j<, 269-276), 

».Briae ana S^er^elt "^^^ Tinarv vector, are 

, for ^grobacteriu. ^a^.e 

::::ette ana tbe synthase ---^a ""Hooa, et 

■ „t.ri™ -'7,;^',:^:',,n-130X, as per tbe ^tboa 
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ena o£ the =D» in.«:t ana Xhol ^^ ^'^^[^ ,^,„ot, 
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^pin^factor ./n^in r^on o^^^ ^^-'^ 
digestion with Asp718 and lig . pCGN2787. 

PCGN1557 (McBride et al.; supra), resulting 

2. ;^tisense ^--^^^ ^ aa^I/BcoRV fragment of 
For antisense ^^l^ "^J ^ ^ ,,,,,, pCaN4300 

the B. can5>estris synthase ^^^^ 

, ..-^^o 918-1535), is treated to create oxu* 
(nucleotides 218 isjdj . expression 

cassette, PCGN1977 g.^^tis^e Brassica factor 

35 fragment containing the ACP 5 .^bal digested 

::rti:rirpS:\ransfor»tion construct pCO»«06. 
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To insert the Brassica synthase factor A cDNA clone 
into a napin cassette, the Baitiil / EcdRV fragment of pCGN4300 
(nucleotides 218-1535) is blunted and ligated into the 
Bglll-digested napin cassette, pCGN3223/ which has been 
5 similarly treated to provide a blunt ended DNA molecule. 
The resulting plasmid is pCGN4305. An Asp718 fragment 
containing the napin 5 ' /antisense Brassica A/napin 3 • 
fragment is subcloned into binary vector pCGNlSS? to 
produce a construct for plant transformation, pCGN4324. 
10 3. Transit Fusion Constructs. 

Due to the possibility that the R. coimimis factor A 
cDNA clone does not encode the entire transit peptide, DNA 
constructs are prepared to fuse the transit peptide 
encoding region from the Brassica factor A cDNA clone 
15 (including the V-A-A-C-M-S conserved region) to the mature 
peptide encoding region from the R. coimunis factor A 
clone. The constructs are designed such that the encoding 
region for the transit peptide and first 24 amino acids of 
the mature R. commanis protein (lysine residue at 
20 nucleotides 365-367 of sequence shown in Figure 3 is the 
presumed N-terminus) is replaced with the corresponding 
region from the Brassica clone. 

Two different 5» regions of the Brassica factor A cDNA 
are obtained by PGR. The "short" version includes 
25 nucleotides 79-423 of the sequence provided in Figure 6. 
This region encodes from the^first methionine residue of 
the Brassica factor A cDNA to the histidine residue at 
position 115. The "long" version includes nucleotides 7- 
423 of the sequence shown in Figure 6, and thus includes a 
30 portion of the factor A 5' imtranslated region. Each of 
these Brassica synthase factor A fragments also contains 
Sail and EcoRV restriction sites at their 5' and 3' ends, 
respectively, which were provided in the oligonucleotide 
primers used in the PGR. The insertion of the 3* EcoRV 
35 site alters the codon for the 116 Asp from "GAG" to "GAT" • 
An J^. communis synthase factor A DNA fragment, 
containing the encoding region for amino acids 145-540 of 
the sequence shown in. Figure 3, and a stop codon, is also 
obtained by PGR. The coding sequence "GATATC" is chosen 
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for the Asp'and lie andno acids at positions 145-146 in 
order to provide an £coRV site at the 5' end of thxs 
fragment. The PGR primers are designed such that an Xhol 
site is inserted at the 3' end of this fragment xmmedxately 
i following the "TGA" stop codon. 

The Brassica and R. conmmis synthase factor A 
fragments are fused by ligation of their respective 3' and 
5- BcoRV sites. The fusion fragment is obtained by 
digestion with Sail and Xhol and ligated into the napxn 
D expression cassette, pCGN3223. The construct contaxnxng 
7e -Short- Brassica factor A is designated pCGN4313, and 
the construct containing the -long- Brassica factor A xs 
designated pCGN4314. The Kpnl fragments contaxnxng the 
napin SVsynthase A fusion/napin 3" fragments are subcloned 
5 into binary vector pCGNl557 to produce vectors for plant 
transformation. The -short- Brassica factor A construct xs 
designated pCGN4319, and the -long- Brassica factor A 
construct is designated pCGN4320. 

A third fusion construct with the mature R. communis 
20 synthase factor A is prepared which incorporates the 
transit peptide encoding sequence of the C. tonctorxus 
desaturase shown in Figure 10. A DNA fragment encodxng 
amino acids 121-540 of Figure 3 (the mature R. co^nunxs 
synthase factor A and the asparagine residue ^^^^^"^ 
25 terminal to the mature peptide) is obtained by PGR. In 

addition, the se^ence. CCATCGCC is included xn the for^rd 
oligonucleotide primer and added at the 5' termxnus of thxs 
fragment, such that an Ncol restriction site precedes the 
synthase sequence, and K«thionine and alanine ""^^^ 
30 added to the synthase peptide encoding region. An ^ol 

restriction site is provided immediately followxng the stop 
codon at the 3' terminus. 

The C. tinctorius desaturase cDNA clone shown xn 
Figure 10, pCGN2754. is modified by PCR to ^ ^;«; 

35 Smal and Xbol sites to flank the coding regxon. The PGR 

Toauct is digested with PstX and ^^^^ f^^^^l 
and Messing (1982) Gene l.:2359-268) dxgested wxth Ps^ to 
produce PCGN3220. The large Ncol/ Sad fragment of pCGN3220 
piruuuwc . ^ j^s desaturjise 

containing the pUC8 vector and the C. txnctorxus 



wo 94/10189 



PCT/US93/10526 



29 

cDNA sequence 5* to the Ncol site and 3* to the Sad site 
is gel purified and ligated to the gel-purified Ncol/Sacl 
internal fragment of pCGN2754 resulting in pCGN3222. The 
coding region of the C. tinctorius desaturase from pCGN3222 
5 is cloned into the pCGN3223 napin cassette by digestion 
with Xhol and ligation to pCGN3223 digested with Xhol and 
Sail, resulting in pCGN3229. 

PCGN3229 is digested with 2^coI and Xhol to remove the 
mature desaturase encoding region. The R. communis 

10 synthase factor A fragment described above is digested with 
Ncol and Xhol and ligated to the Ncol /Xhol digested 
PCGN3229. This results in pCGN4308, the napin 
5 ' /desaturase : synthase A/napin 3* fusion construct. 
pCGN4308 is digested with Asp718 and sxibcloned into* binary 

15 vector pCGN1557 to produce plant transformation construct 
PCGN4318. 

C. Synthase ITT Constructs 

Fusion constructs of the bacterial synthase III ; 
encoding sequence and various plant transit peptide 
20 encoding sequences may be prepared. These constructs are 
used for generation of transgenic plants, wherein the 
bacterial synthase is incorporated into the chloroplasts 
for interaction with the plant fatty acid synthesis 
enzymes . 

25 A fusion of the Brassica ACP transit peptide encoding 

sequence from a B. rapa (formerly cainpestris) seed ACP cDNA 
(Rose et al. (1987) Nuc. Acids Res. 15:7197) and the S- 
ketoacyl-acyl carrier protein synthase III gene (faJUl) from 
E. coli K-12 (Tsay et al. (1992) J. Biol Chem. 257:6807- 

30 6814), is prepared as follows. The B. rapa ACP transit 
peptide encoding region plus the 5* untranslated sequence 
is obtained by PGR, wherein the oligonucleotide primers are 
designed such that an BaiMl site is added immediately 5' to 
the Xhol site at the 5' end of the B. rapa cDNA clone, and 

35 an Nhel site is inserted immediately 3* to the cysteine 

codon at the 3* end of the transit peptide encoding region. 
The faJbH encoding region is obtained by PGR from E. coli 
DNA, with oligonucleotide primers designed such that an 
Miel site is inserted immediately 5' to the N-temiinal 
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methionine codon. and Xhol and S«al sites are --^^^^^ 
immediately 3" to the TAG stop codon. The ^.hal s.te adds 
an alanine and serine encoding region i^aedxately 5 to the 
faibH N-terminal methionine. . , v. 

The ACP and synthase III fragments are obtained by 
ligation at the inserted Nhel restriction sites. The 
ACP/synthase III fusion fragment is inserted into an^ 
appropriate cassette containing plant regulatory regions. 
For exax^le, for regulation under the napin regulatory 
regions, the ACP/synthase III fragraent is 
digestion with Bglll and Xhol and ligated xnto PCGN3223^ 
Similarly, constructs wherein the fusion ACP/synthase III 
fragment is positioned for control under various other 
pla!I regulatory regions may be obtained. Other regulatory 
regions of interest include the Bce4 and ACP regions for 
seed expression, as well as 35S, double 35S. or T-D«A 
promoter regions (such as n^s and nos) . to provide for 
constitutive expression in various plant ^---^^l' 
constitutive expression may be desirable to test for uptake 
into chloroplasts of the synthase protein produced by such 
constructs, for example by electroporation into plant 
protoplasts and Western analysis. Constitutive expression 
Is also useful for analysis of effects of the expression of 
synthase in various plant tissues, such as leaves, roots 

25 and steins. , 
Mditional »CP/s^tha.e III fusion constructs my be 
pr««rea «hich include various portions o£ the ACP «ture 
protein «»=odin, region in edaition to the ACP trensxt 
Ltide «K:odin, region. For e«»ple, . fus.on cont.xnu.g 
30 the B. ACP transit encoding seguence 

se-iueno. lor «. addition,! 12 amino ac.ds 
protein is prepared. Th, £a« encoding r«,.on .s obtained 
by PCE from E. coli DHA, with oligonucleotide pr..«rs 
designed such that an Mer site. -CTAAG- is 
35 i™.ediately 5' to the B-ter»inal «thionane 

and S»al sites are Inserted l-»di.tely 3' to the TAG stop 
codon. The B. r«« ACP clone contains a Ddel sxte « thxn 
the codons for «.ino acids 11-12 (Ser-Lys) o£ the mature 
protein region. Thus, the B. rapa ACP transrt plus 12 
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fragment is obtained by digestion with Ddel and an 
appropriate site 5' to the ATG start codon. This fragment 
is ligated to the synthase III fragment at the Ddel site to 
form the ACP transit + 12 /synthase III fusion. This fusion 
5 is. inserted into a napin expression cassette by digestion 
with Xhol and ligation to Xhol digested pCGN3223. As 
discussed above, additional constructs for transcriptional 
control of the synthase III fusion under various other 
plant regulatory elements may be similarly prepared. 

10 In addition to the ACP transit peptide discussed 

above, various other plant transit peptides are known in 
the art, and may be used in a similar manner. For example, 
the Brass ica synthase A trcuisit peptide used above in R. 
communis synthase fusion constructs, may also find use in 

15 conjunction with the bacterial synthase III. Similarly, 
other known transit peptides, such as those for SSU, 
stearoyl ACP desaturase and other nuclear encoded 
chloroplast proteins may be substituted for. the ACP transit 
peptide. 

20 D. CQAjs^yuffts CoAtq^inAyiq mr^ than Qn^ syx>thfi^g Q^n^ 

If more than one synthase gene is required to obtain 
an optimum effect in plants, the genes may be expressed 
\inder regulation of the same promoter, or alternatively 
under regulation of two different promoters that are 
25 preferentially expressed in developing seeds, such as the 
napin, ACP, and Bce4 sequences described above. The 
constructs may then be introduced into pleuits in the same 
binary vector, or introduced simultaneously in different 
binary vectors. 

30 For example, for expression of both synthase factors A 

and B in plant c^lls, a construct is prepe^red where R. 
communis synthase factor A and R. commxmis synthase factor 
B genes are each under the control of napin regulatory 
regions in the same binary vector. 

35 The napin/f actor A/napin region of pCGN2785 is 

obtained by digestion with Asp718 and ligated into AspllB 
digested pCGN1557 (McBride et al.; supra), resulting in 
PCGN2787. pC®^2787 is digested at the unique Pstl. site and 
treated with T4 polymerase to fill in the 3 • overhang, and 
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digested with calf intestinal ^a'lkaline phosphatase to 
dephosphorylate the 5' termini to prevent -lf-li.at.on of 
PCGN2787. The napin/factor B/napin regxon of pCGN2786 xs 
Obtained by digestion with Hindlll and the Klenow frag^t 
of DNA polymerase to provide a blunt-ended DNA fragment, 
which is then ligated to the T4 polymerase blunt-ended 
PCGN2787 DNA. The resulting construct, pCGN2797, contains 

the R. conmmis synthase factors A and B, each posxtxoned 

for expression from a napin promoter region. 

Example 5. Plant Tranoforaation 

in this exainple, an Agrobacterium-mediated plant 
transformation is described and Brassica napus xs 
exemplified. Also, a DNA-bombardment plant transformation 
is described and peanut transformation is exen5,lxf xed. 

Transformation of Brassica species is described by 
Radke et al. (Theor. Appl. Genet. (1988) 75:685-694; Plant 
cell Reports (1992) 11:499-505). Seeds of Brasszca napus 
cv. Delta are soaked in 95% ethanol for 2 min, surface 
sterilized in a 1.0% solution of sodium hypochlorxte 
containing a drop of Tween 20 for 45 min.. and rxnsed t^ee 
times in sterile, distilled water. Seeds are then plated 
in Magenta boxes with 1/lOth concentration of Murashxge 
xainimal organics medium (Gibco) supplemented wxth 
pyrodoxine (50 ^tg/l) . nicotinic acid (50 ^^^^^ ' /^^"^ 
^200 ^g/1), and 0.6% Phytagar (Gibco) pH 5.8. Seeds are 
germinated in a culture room at 22»C in a 16 h photoperxod 
with cool fluorescent and red light of intensxty 
approximately 65 ^Einsteins per square meter per second 

Hypocotyls are excised from 7 day old seedlxngs. cut 
into Pieces approximately 4 mm in length, and plated on 
feeder plates (Horsch et al. 1985). Feeder plates are^ 
prepared one day before use by plating 1.0 ml of a tobacco 
suspension culture onto a petri plate (100x25 
containing about 30 ml MS salt base (Carolina Bxo^gxcal) 
100 mg/1 inositol, 1.3 mg/1 thiamine-HCl, 200 mg KH2PO4 
with 3% sucrose. 2.4-D (1.0 mg/1). 0.6% Phytagar. and pH 
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adjusted to 5.8 prior to autoclaving (MSG /I/O medium). A 
sterile filter paper disc (Whatman 3 mm) is placed on top 
of the feeder layer prior to use. Tobacco suspension 
cultures are subcultured weelcly by transfer of 10 ml of 
culture into 100 ml fresh MS medium as described for the 
feeder plates with 2,4-D (0.2 mg/l) . Kinetin (0.1 mg/l) . 
All hypocotyl explants are preincubated on feeder plates 
for 24 h. at 22°C in continuous light of intensity 30 jlEm" 

2s-l to 65 HEM-2S-1. 

Single colonies of A. tvmefaciens strain EHAlOl 
containing a binary plasmid are transferred to 5 ml MG/L 
broth and grown overnight at 30-C. Per liter, MG/L broth 
contains 5g mannitol, 1 g L-glutamic acid or 1.15 g sodium 
glutamate, 0.25 g kH2P04. 0.10 g NaCL, 0.10 g MGSO4-7H20, 1 
mg biotin. 5 g tryptone, and 2.5 g yeast extract, and the 
broth is adjusted to pH 7.0. Hypocotyl explants are . 
immersed in 7-12 ml MG/L broth with bacteria diluted to 
IxloS bacteria/ml and after 10-20 min. are placed onto 
feeder plates. . After 48 h of co- incubation with 
AgroJbacterium, the hypocotyl explants are transferred to B5 
0/1/0 callus induction medium which contains filter 
sterilized carbenicillin (500 mg/l, added after 
autoclaving) and kanai«ycin sulfate (Boehringer Mannheim) at 
concentrations of 25 mg/l. 

After 3-7 days in culture at 65 HEm-Ss"! to 75 HEm-2s- 
1 continuous light, callus tissue is visible on the cut 
surface and the hypocotyl explants are transferred to shoot 
induction medium, B5BZ, (B5 salts and vitamins supplemented 
with 3 mg/l benzylaminopurine. 1 mg/l zeatin, 1% sucrose, 
0.6% Phytagar and pH adjusted to 5.8). This medium also 
contains carbenicillin (500 mg/l) and kanamycin sulfate (25 
mg/l) . Hypocotyl explants are subcultured onto fresh shoot 
induction medium every two weeks. 

Shoots regenerate from the hypocotyl calli after one 
to three months. Green shoots at least 1 cm tall are 
excised from the calli and placed on medium containing B5 
salts and vitamins, 1% sucrose, carbenicillin (300 mg/l), 
kanainycin sulfate (50 mg/l) and 0.6% Phytagar) and placed 
in a culture room with conditions as described for seed 



PCr/US93/10526 

WO 94/10189 

. . ■ 7.*i-*.^ 2-4 weeks*shoots which remain green are 

root induction salts and 

indolebutyric acid, 50 «/l «cin suUate and 0.6» 
5 Phytagar,, Oreen rooted shoots are tested for HPT II 

""Tans^enic ;>rabidop.is thaUana plants also be 
Obtained by ;,.roba=teri»-™diated «-'°-'^- ^^"^^ 
simlar teohni<,ues. For «c«»le, a useful method ^s been 
10 described by Valverkens et al., (Proc. mt. Acad. Sc.. 
(1988) 85:5536-5540). 

B. T.iimfrrrrri-Ti particle _Bgnfea£aDSn£ 

DNA sequences of interest may be introduced as 
expression cassettes, comprising at least a promot^ 
15 ^ion, a gene of interest, and a terminatxon -ga^- 

a Plant genome via particle ho^rd«ent as <^escrxbed xn 
European Patent Application 332 855 and xn co-pendxng 
aoplication USSN 07/225.332. filed July 27. 1988. 
appiicacxon „a^*.icles of a size ranging 

Briefly, tungsten or gold particles or ^ 
-20 from 0.5MM-3MM are coated with DNA of an expression 
cassette. iMs DNA may be in the form of an" agueous 
mixture or a dry DNA/particle precipitate, 
mixture * ^ bombardment may be from 

Tissue used as the target ror do« 
cotyleaonary explants, shoot »erist««, i-ature leaflets. 

" " "^L^dn^nt of the tissue »itb f ^ 

partilJ:. is carried out using a Biolistics" part.cle ^ 
(Dupont, Wil-dngton, VB) . The particles are placed xn the 
^el « variable aist«.ces ranging fro» l-"-;""^^ 
30 ^el mouth. The tissue to be bo.*arded is placed beneath 

Z stopping Plate, testing is perfon^d on - " 
distances up to .0 c„. At the «o»ent of *"=>-^»- ^' 
tissue is protected by a nylon net or a co»bxi«txon of 
^lon nets with mesh ranging fr«. lO^M to 300MM. 
35 Following bombardment, plants my be regenerated 

following the method of Atreya. et al. . (Plant 5c.»ce 
Letters (1984, 34=379-383). Briefly, embryo ax.st.ssue or 
cotyledon segments are placed on MS medium .«urash„e and 

JL. Fhyslo- <""' "'"^ 
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benzyladenine (BA) for the cotyledon segments) and 
incubated in the dark for 1 week at 25 ± 2*^0 and are 
subsequently transferred to continuous cool white 
fluorescent light (6.8 W/in2) . On the 10th day of culture, 
5 the plantlets are transferred to pots containing sterile 
soil, are kept in the shade for 3-5 days are and finally 
moved to greenhouse. 

The putative transgenic shoots are rooted. 
Integration of exogenous DNA into the plant genome may be 
10 confirmed by various methods known to those skilled in the 
art. 

Example 6. Analysis of Transformed Plants 

Seeds from 15 AraJbidopsis plants transformed with 

15 pCGN2797 (napin 5* /R. communis synthase factor A/napin 3* 
and napin 5' /R> communis synthase factor B/napin 3') were 
analyzed for the presence of R, coimimis synthase proteins. 
Five of these plants test positive, by Western analysis, 
for esqpression of the SOkD R. communis synthase factor B 

20 protein. Cross-reactivity of the R. communis synthase 
factor A polyclonal antibody with the corresponding 
Brassica synthase protein, prevents detection of this 
synthase protein by Western analysis • 

Two of the plants which tested positive for expression 

25 of the 50kD R. communis synthase protein, transf ormants #5 
and #6 have been analysed to determine the fatty acid 
composition of their seed oil. Several non-e:qpressing 
transf ormants and a non- trans formed control were similarly 
analyzed. Seed fatty acid composition is determined 1^ the 

30 acid methanolysis method according essentially as described 
by Browse et al. (Anal. Biochem, (1986) 152:141-145). 
Briefly, 100 seeds of each sample are treated with 1 ml of 
5% H2SO4 in MeOH and heated in a 90°C water bath for two 
hours to convert the fatty acids to fatty acid methyl 

35 esters (FAMEs) • An internal standard (C17:0) is added to 
each sample (250ml of a Img/ml solution in tolulene) prior 
to the heating step. The samples are allowed to cool, 
after which 1 ml 0.9% NaCl in H2O is added to aid in phase 
separation. Hexane (250ml to each vial) is added to 
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«„„ct the F««s. ana the sables are then vc-exed »a 
c«,trifu,ea to aeparate the phases The he-e aye 
^ -«ri vi-ansferred to a GC autosampler £or in^e 
removed and transterrea analyses 
the GC A useful GC temperature program for these a y 

; lloL- 200-C for zero minutes, followed by a 5 
is as follows: 200 c ror _ . „ ^ £i„al temperature 

degrees per minute temperature ran^ to a f xnal ^ 
of 250-C. which is held for 6 minutes. Data xs repor 
% of total fatty acids in Table I below 

seeds from transformant #5 contaxn 3 95% C16.0 
, seeds from #6 have a 4.59% C16:0. ^^^^ 

expressing transformants and the non-transform d control 

saturated fatty acids for ..ed. from the 

transformants. B>e total saturated fatty ac.d « . 

transformant «6 Is 10.64*. 
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The above results demonstrate the ability to use 
synthase DKA se<.ences in plant genetic engineer. methods 
for production of transgenic plants havxng modxf xed seed 
oil compositions. 

' All publications and patent application, mention^ in 

tKi. specification are indicative of tn. ^-^^ 
those skilled in the art to which this invention pertains. 
All publications and patent applications are h«:.in 
10 incoUated b. referenced to the sa^ extent as if each 
individual publication or patent application 
specifically and individually indicated to be incorporated 

the fore^oin, invention has ^ described in 
so^ detail by way of illustration and e:ca,le for purpose. 



15 



of clarity of understanding, it will be obvious that 
certain cLges and modifications may be practiced wxth.n 
the scope of the appended claiiR. 
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What is claimed is: 

1. A recombinant DNA construct comprising, in the 
5* to 3 ' direction of transcription, a promoter functional 
in a plant cell, a IS-ketoacyl-ACP synthase protein encoding 

5 sequence and a transcriptional termination regulatory 
region 3' to said synthase protein encoding sequence, 
wherein said S-ketoacyl-ACP synthase protein is from a non- 
plant source. 

2. The construct of Claim 1, wherein said synthase 
10 protein encoding sequence is oriented for transcription of 

a sense sequence. 

3. The construct of Claim 2, wherein said construct 
comprises, immediately 5* to said synthase protein encoding 
sequence, a plant sequence encoding a transit peptide. 

15 4. The construct of Claim 3, wherein said synthase 

protein encoding sequence is the E. coli fabH gene 
sequence . 

5. The construct of Claim 3, wherein said transit 
peptide encoding sequence is from an acyl-carrier protein 

20 gene. 

6. The construct of Claim 1 wherein said promoter 
is from a gene that is preferentially expressed in plant 
seed tissue. 

7. A plant cell comprising a construct according to 
25 Claim 1. 

8. The plant cell of Claim 7 further comprising a 
second recombinant DNA construct providing for 
transcription in said plant cell of a substantial portion 
of a sequence encoding a protein associated with lipid 

30 synthesis. 

9. The cell of Claim 8 wherein said protein is a 
desaturase or a thioesterase. 

10. The cell of Claim 7 or 8 wherein said plant cell 
is a Brassica plemt cell. 

35 11. A recombinant DNA construct comprising, in the 

5* to 3' direction of transcription, a promoter functional 
in a plant cell, a plant transit peptide; encoding sequence, 
a mature R* communis S-ketoacyl-ACP synthase factor A 
encoding sequence and a transcriptional termination 
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• ^. to said sVhase protein encoding 
regulatory regxon y;/^"^^^^^^,,,, encoding sec^ence is 
sequence, wherexn saxd t^a^"^ ^ ^ g.^etoacyl- 
not naturally associated with saxd R. 

.CP synthase factor . ^^^^j:'^^ said plant 

12. The construct of Claxm 1. .^^ ^ 

transit peptide encoding sequence xs from 

Brassica 6-ketoacyl-ACP synthase protexn. p^^^^ica 

Brassica B ^ „». „f Claim 12, wherexn saxd Brassies 

13 The construct of ciaxm x-t/ 

s^U«.e proeein is -^^J^-^,'-^^^,^ .aia plant 

14. The construct ot Clan. 1 . encoding a 
transit peptide encoding s«pen=e is £rom go 

.tearoyl-»CP ^'-'^"^ ^^^^^^ . ,„„txuct ^cording to 

15. A plant cell comprxsxng « 

, "^"i"; The cell of Clai» « *erein said plant cell is 
' a ,i„, cell co^rising a non-plant 

S..etoacyl-«:P synthase protein expressed from a 
reco^^t - ^ ^^^^^^ . 

synth^e prt«in is the S-.etoacyl-«. synthase prot.^ 

encoded by B. coli fabH. non-plant B-ketoacyl-ACP 

19 A method of producxng a non plant 
^th"e protein in a plant cell or prog«. thereof 

" growing a plant cell or progeny thereof 

co^^rising a constmct according ^^^^^^l' J^^Z. 
conditions viuch will pa«it the production 
tetoacyl-RCP synthase protein. B-ketoacyl- 
20 A plant cell coitprising a non plan 

35 in a plant cell comprising: -^^earated in its 

growing a. plant cell havxng xntegratedxn 

4.^,r.t said construct comprxsxng xn the 
genome a im construct, saxd co functional in 

V ^. direction of transcriptxon, a promoter 
to 3* dxrectxon o g-ketoacyl-ACP synthase 

said plant cell, a non-plant & ketoacy 
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protein encoding sequence, and a transcriptional 
termination region functional in said plant cell, under 
. conditions which will permit the expression of said 
synthase protein encoding sequence. 
5 23 . The method of Claim 22 wherein said synthase 

protein encoding sequence is a sense sequence. 

24. The method of Claim 23 wherein said synthase 
protein is the S-ketoacyl-ACP synthase protein encoded by 
E. coli fata. 

10 25 . A method of modifying the fatty acid composition 

in a plant cell comprising: 

growing a plant cell having integrated in its 
genome a DNA construct according to Claim 11, under 
conditions which will permit the transcription of said 

15 synthase protein encoding sequence. 

26. The method of Claim 22 or 25 wherein said plant 
cell is an oilseed plant seed cell. 

27. A plant cell having a modified free fatty acid 
conposition produced according to the method of Claim 26. 

20 28. A plemt seed having a modified fatty acid 

coniposition as compared to a seed of said plant having a 
native fatty acid coitqposition, produced according to a 
method comprising: 

growing a plant to seed, wherein said plant has 

25 integrated in its genome a reconOjinant DNA sequence 

conprising a non-plant S-ketoacyl-ACP synthase protein 
encoding sequence under the transcriptional control of 
regulatory elem^ts functional in seed during lipid 
accumulation, under conditions which will promote the 

30 activity of said regulatory elements, and 
harvesting said seed. 
29. The seed of Claim 28 wherein said synthase 
protein is the fi-ketoacyl-ACP synthase protein . encoded by 
E. coli fabH. 

35 30. A plant seed having a modified fatty acid 

composition as compared to a seed of said plant having a 
, native fatty acid composition, produced according to a 
method comprising: 
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4 2 

^o seed wherein said plant has 
growing a plant to seea, 

integrated in its geno^ a ^ -^^^^^^^^^ . 
according to Claim 11, under cond.txons whxch 
the activity of said regulatory elements, and 
5 harvesting said seed. 

31. The seed of Claim 28 or 30 wherexn saxd plant 

an oilseed plant. «i«nt is 

32. The seed of Claim 31 «h«ein B^a. plK.t » 

of tri,ly=eria«s proauced fro. .n ollsead crop plant 

,«^e a — , -------- ^^^^ 

to 3- direction of transcription, a promo 

, ..lanf R-ketoacyl-ACP synthase 

said plant cell and a non-plant B Ketoacy 

. under conditions which will 

rrrr — 

'"^Tr T.a of Claim 33 Wherein said syn^^se 

protein encoding se,u«.ce is a sense sequence. 

35. The method of Claim 34 wherexn sa.d s^th.« 

prcteL is the S-.etoacyl-ACP synthase prot.^ encoded ^ 

" "t.'Tmethod Of modifying the fatty acid cc^osition 
of triglycerides produced fr«» an oilseed crop Pl».t 

comprising: •^^-^rrr-at-ed in its 

• ^ a T^^«T^t■ cell having integracea m 
growing a plant ceix 

,enom. a construct according to claim 11. under 

conditions which will permit the transcrrpt.on of saxd 

-""T,^ irrofcirror said Plant 

' r Pl»-eu having a modified fatty acid 
cc^Iition It triglycerides produced according to the 

-"•ir TJ:.^ Of Claim 3, Wherein said Oilseed crop 



20 



30 



35 



39. 

plant is s 



The roetnw-i vj. — 

selected from the group consisting of rapeseed, 
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sxinflower, safflower, cotton, cuphea, soybean, peanut, 
coconut, oil palm and corn. 

40. A plant seed oil separated from a seed produced 

according to Claim 31. 

41. The oil of Claim .40, wherein said plant is 

Brassica. 



THi6«»e{iMM9im. 
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